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req)onses to nitrogen in half the experiments, to phosphoric acid in
one-tenth and to potash in one-fifth. Potatoes were much moie
responsive, significant effects being obtained in about Iive-sixths
oI the experiments with nitrogen and in one-half of those with
phosphoric acid and potash.

STATISTICAL METHODS AND RESIJLTS
(Department of Statistics)

(a) TEcHNreuE

xxv. F. Yerrs. " Incomilelr Lalin Sqtares." Journal of
Agricultural Science, 1936, Vol. XXVI, pp. 301-315.

A description is given of the statistical procedure approPriate
for the ana\zsis of a Latin square having missing the whole oI one
row, one column or one treatment, or one row and one colum.n, or
either and a treatment, These are the only t,?es of incomplete
Latin squares (except those which can be dealt with by the missirg
plot technique), of which a neat statistical anallsis is possible.

It is shown that incomplete Latin squares of these t]?es $ve
unbiased estimates of error and are therefore valid experimental
arrangements. They are consequently likely to be of use when the
€xp€rimental material is such as to preclude the use o{ a complete
Latin square owing to the fact that numbers in one or both of the
natural groups is one less than the number of treatments to be
tested.

xxvl. F. YATES. " A Neu Melhod. of Aratging Variety Trials
i*oolaing a Large Number oJ Yaieties." Journat of Agri-
cultural Science, 1936, Vol. XXVI, pp. 424.455.

A new method of arranging variety trials involving a large
number oI varieties is described. This type oI arrangement, for
which the name " pseudo-factorial " arrangement is ProPosed,
enables the block size to be kept small without the use of controls.

Various possible types oI pseudo-factorial arrangement are
discussed in detail and the necessary formulae developed. The
appropriate methods of computation are illustrated by numerical
examples based on the results of a uniformity trial on orange trees.
It is shown that pseudo-factorial arrangements are likely to be
more efrcient than arrangements involving the use of controls.
In cases where there is considerable soil heterogeneity they are also
markedly more emcient than randomised blocks containing all the
varieties. In the chosen example gains in efficiency ranging {rom
26 to 57 per cent. were obtained,

xxvrr. F. Yerrs and I. ZecopaNav, " The Estimatiott oJ tk
Efrciency ol Samfl.ing, uith SPecial ReJeretre lo Semllittg
Jor Yield in Cereatr Erperimerrrs." Journal of Agricultural
Science, 1935, Vol. XXV, W- s.577-

The estimation of the yields of the individual plots of replicated
errperiments on cereals by sampling methods has been practised
since the year 1929 at Rothamsted and its associated outside centres.
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The present paper contains an investigation o{ the actual efrciency
of the sampling processes adopted in the Rothamsted experiments,
as reveald by the sampling and experimental errors. Qrportunity
is taken to review the theory of sampling errors and their estima-
tion. It is shown that with a given relation betwe€n experimental
and sampling variation and betrf,een the work involved in sampling
and in the rest of the experiment there is an optimal percentage of
sampling. It is also shown that in many cases there is little to be
gained by pushing the sampling beyond certain fairly welldefined
limits, even when the work involved in sampling is small.

This discussion is oI importance not only in considering the
application ot sampling to the estimation of yield, but also in all
samplilg processes performed on replicated experiments. The
estimation of plot yields by sampling is an application of only minor
importance, since it is always possible, and often simpler, to harvest
the whole of each plot; but in many other cases sampling is a
vital necessity, and results can be obtained by its aid which could
otherwise only be obtained with excessive labour, or not at all.
The determination oI the necessary amount of sampling in such
cases, and the balance between the sampliag and the size of the
experiment, is a problem which continuously confronts the experi-
menter. In particular, the individual observation of every plant,
of every tree, or of every animal in an experiment, may often prove
to be unnecessary when consideration is given to the amount of
information obtained.

The paper also contains suggestions for certain modifications of
the present sampling procedure lor cereal crops. The most important
of these (already employed by some workers) is the use o{ sampling
to determine the proportion of grain to total produce on each plot,
the vield of total produce being determined by full harvesting.
It is shown that this method is capable oI greatly reducing the
samplirrg errors with considerably imaller samples than are at
present taken, and it seems likely that the method will prove a
useful alternative to the present method. The details of ar efficient
fietd technique remain to be worked out and tested in practice
before it is possible to make a definite assessment o{ the ielative
advantages of the two methods-

(r) ExAMrNArroN oF R.ESULrs.

xxvrrr. W. G. Cocnnex and D. J. WArsoN. " An Ex,erirrwr.t
on Obsenters' Bias bt lfu Selecliott of Shool-Heigl s-"
Empire Journal of Experimental Agriculture, 1936, Vol. IV,
pp.69-76.

In this experiment twelve observers were asked to select by eye
and measure the heights of two shoots from a quarter-metre of each
oI rows of wheat, so as to give what they considered a representa-
tive sample of the distribution of shoot heights. None of the
observers' samples was {ound to be representative of the population
sampled, and their estimates of the mean shoot height were all
positively biased. This supports the evidence from other investiga.-
tions that the only sure method oI avoiding bias is for the sampling
to be random.
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The sampling process actually used in the Wleat Sampling
Observations--selection of the two shoots nearest the ends of the
quarter-metre-app€ared to be satis{actory.

xxlx. W. G. Cocnn-rx. " The Stotistdcal Anal,ysis oJ Field.
Counts of Diseased. Plants." Supplerrent to ihe Jo-urnal of
the Royal Statistical Society, 1936, Vol. III, pp. 49-6?.

The statistical analysis of the data obtained by examining every
plant in a field or green-house for disease at certain intervals is
discussed. Tests of significance are given, with numerical examples,
to detect (l) whether diseased plants tend to congregate in pa.tches
scattered over the area or in groups along or across the rows; (2)
whether the distribution of plants recently inlected is related to
that of plants previously infected ; (3) whether neighbour infection
is present.

xxx. W. G. Co*rnrx. " A Nole o* the Influerce of Rainfaltr
on the Yield, of Cereal,s in Relation io Maflirial Treat rE tl-"
Journal of Agricultural Science, 1935, Vol. XXV, pp.
51G522.

The study of the elfect of rainfall on the yields of wheat from
the continuous experiments on Broadbalk, Rothamsted, gave clear
evidence of a close relation between the linear response in yield to
rainlall and the manurial treatment oI the soil. In later investiga-
tions of a similar nature on barlev at Rothamsted and on wheat
and barley at Woburn, the linear eflect of rainfall on yield was not
si8ldficant. This note shows that the relation between seasonal
variations in yield and manurial treatment is just as clear at Wobum
as on Broadbalk, the difference between the two centres being that
similar studies on minfall effects have had more definite and
successful results on Broadbalk. At Woburn, indeed, Iittle progress
has been made towarals elucidating the particular weather factors
whose quantitative influence is important.

Ror both barley at Woburn and wheat at Rothamsted, which
were the cases examined in detail, the grouping of yiekls according
to manurial treatment remained after eliminating the effect of the
significant weather factors which were found. This shows that at
both centres there are irfluences, other than railfall elfects of the
type examined, whose effect on the seasonal variations in vield is
closely associated with marurial treatment.

Some discussion is given of the appropriate test of signilicance of
the di{ference between two rainfall cuwes and of a some,ryhat
analogous case which arises in the interpretation of the results of a
series of replicated experiments at different centres.

xxxr. M. M. BARNARD. " Att Examinatiott ol thc Satnllittg
Obsentalions ol Wheal of tha Cror-Weather Sc6me."
Journal of Agricultural Science, 1936, Vol. XXVI, pp. 1156-
487.

Sampling observ-ations are now being taken at ten British
agricultural stations on each of two standard varieties of wheat.
These observations {orm part of the Cropweather scheme spon-
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sored by the Ministry of Agriculture aud Fisheries and the Meteoro'
logical Ofrce, and their functioa is to provide information on the
influence of meteorological conditions on all stages of tle wheat
crop's growth from germination to harvest. They also supply
information on the coonections existing between the different stages
of the crop's growth.

The present paper describes a. preliminary investigation of the
results of the first three years, 1933, 1934 and 1935. The followirg
points have been investigated: (a) the length oI the interval Irom
the time when the crop is sorivn until it appears above ground;
(D) the date at which the crop has twice as many tillers as plants
and the rate at which this tillering occurs; (c) the maximum
number of shoots {ormed per unit length o{ ddll row; (d) the
maximum rate oI increase of shoot height ; (a) the yield of grain per
acre.

Associations ha!'e been found to exist b€tween each one of these
quantities, ard either specific meteorological factors, or earlier
measurements oI the crop's progress. In some cases both tlpes of
association occur. In the case of the yield of gain, no association
with meteorological factors has manifested itself. It would appear,
therefore, that such relations are likely to be complex and must
await further data for their elucidation.

During the last three 1'ears a close connection was found to
exist between the yield and the shoot height at ear emergence,
greater yields being associated with talter crops. It is probable,
therefore, that measurements of the crop's growth, possiblf in
conjunction with meteorological measurements, will give more
reliable predictions of the yield than those obtained from the latter
alone. The practical application of this aspect of the results is
discussed in Paper No. XXXII below.

xxxu. F. YATES. " Crop Estimation end Folecastirtg :
I,ndicatiotts on the Samfli*g Obsentations on Wleol-"
Joumal of the Ministry of Agriculture, f936, Vol. XLIII,
pp. l5Gl62.

The estimation ol the yields of agricultural crops, and the
forecasting of such yields before harvest, are problems oI considerable
importance in agriculture, especially since the introduction of a
measure of control in agricultural production and marketing. The
present paper discusses the forecasting of the yield of ttre com-
mercial wheat crop about six weeks before harvest by means of
simple measurements on the growing crop.

That this is a possibility is indicated by the results of the Iirst
three years oI the sampling observations on wheat, which were
taken at ten stations under the Agricultural Meteorological Scheme.
These revealed a very close connection between shoot height at ear
emergence and final yield oI grain. There was also a slight negative
correlation with plant number.

The problem of estimating the yields oI conrnercial crops at
harvest by sampling tLe standing crops is also discussed. Some trial
sampling of this t,'pe was urdertaken by the observers of the
Agdcultual Meteorological Scheme,
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